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Description 

[0001] This application is related to European Patent 
EP 1 014 483 B1 entitled "A Rotatable Scannable 
Reconfigurable Shaped Reflector With a Movable Feed 
System". 

[0002] The present invention relates to space and 
communications satellites, and more particularly, to a 
reconfigurable payload for a satellite so that it may mim- 
ic many payloads to provide backup services for many 
different satellites or to be used as a flexible stand alone 
satellite. 

[0003] Satellite fleet operators depend on continuity 
of service for a satellite in order to maintain continuous 
service to satellite users. In the event of a satellite fail- 
ure, a backup service is needed to avoid extended in- 
convenience to users, or to avoid the risk of users being 
lost to a competitor before a backup satellite can be or- 
dered, built and launched. 

[0004] In many applications, a satellite's frequency 
plan and coverage is unique. In some cases, the satellite 
customer does not have prior knowledge of his custom- 
ers. Therefore, a reconfigurable satellite provides in-or- 
bit flexibility. If a customer base changes while the sat- 
ellite is in orbit, it can be reconfigured to provide service. 
In the situation of providing backup services, a unique 
spare satellite would be required for each satellite in a 
fleet of satellites. 

[0005] A backup satellite having the capability to be 
reconfigured would avoid the expensive option of a 
unique spare. A satellite having a communication pay- 
load that can be reconfigured in space so that it mimics 
various payloads with various frequency plans and an- 
tenna coverages would allow a single satellite to provide 
backup services to many different satellites. In addition, 
a reconfigurable payload would allow a satellite fleet op- 
erator to provide a replacement satellite relatively quick- 
ly in the event of a satellite failure. 
[0006] A satellite having a communication payload 
that can be reconfigured in space so that it mimics var- 
ious payloads with various frequency plans and antenna 
coverages would allow a single satellite to provide serv- 
ices to many different customers over the lifetime of the 
satellite. A reconfigurable payload would allow a satel- 
lite fleet operator to have flexibility in-orbit. This allow 
the operator to procure and build a reconfigurable sat- 
ellite while marketing satellites to various customers. 
The result is a satellite that is ready for orbit quicker, and 
ready to provide services sooner. 
[0007] EP 0 845 833 entitled "On-orbit ^configurabil- 
ity of a shaped reflector with feed/reflector defoc using 
and reflector gim-balling" discloses a system and meth- 
od for changing the radiation pattern of an antenna as- 
sembly of a satellite in orbit. The antenna assembly in- 
cludes a reflector antenna fed by a feed assembly. The 
reflector antenna transmits and receives signals within 
a radiation pattern. The reflector antenna and the feed 
assembly are movably mounted to a sliding mechanism 



so that they can be displaced with respect to one anoth- 
er. The displacement causes defocusing as the reflector 
antenna is displaced from the focus point. The defocus- 
ing causes the radiation pattern to become more com- 
5 pact or broadened. Thus, the radiation pattern of the sat- 
ellite provided with a single reflector antenna and a sin- 
gle feed element may be changed while the satellite is 
in orbit. 

[0008] EP 0 854 590 entitled "Analog processor for 
digital satellites" discloses an analog processor for use 
with digital satellites. This analog pre-processor in- 
cludes a digital regenerative repeater, including at least 
one antenna having a plurality of receive elements, a 
beamformer for modifying the characteristics of the sig- 
nals from the receive elements in some fashion, receiv- 
ers, and a downconversion stage which is compatible 
with an NxM switching matrix. In the NxM switching ma- 
trix, any input can be routed to any of M outputs. The 
switching matrix is configured, andean be reconfigured, 
to route the incoming beams to the required number of 
sub-band processing chains depending on the number 
of carriers (i.e. the bandwidth) of the incoming uplinksig- 
nal to be processed. 

[0009] Each sub-band processing chain consists of a 
downconverter or mixer, a variable local oscillator 
(VLO), and a band path filter (BPF). The mixer takes as 
inputs one of the uplink beams from the NxM switch and 
a selectable frequency translation signal from a variable 
local oscillator. The frequency translation signal from the 
VLO is preferably generated by the analog pre-proces- 
sor, but could be from an external source, or could be 
selected from a set of fixed local oscillators, supplied 
either internally or externally to the analog pre-proces- 
sor. 

[0010] The sub-band processing chains extract or 
segment a portion of the incoming RF uplink spectrum. 
In orderto accomplish this functional result, the frequen- 
cy translation signal from the VLO must be selectable 
or programmable over the bandwidth of the incoming 
RF signals. The frequency of the VLO is selected in or- 
der to bring the desired carriers (sub-band) into the 
passband of the subsequent bandpass filters. 
[0011] The present invention is a communication pay- 
load that can be reconfigured in space such that it mim- 
ics many payloads with various frequency plans and an- 
tenna coverages. The combination of a flexible antenna 
system and an agile repeater capable of handling vari- 
ous uplink and downlink frequency plans makes a 
reconfigurable payload possible. 
[0012] Three technologies are combined to make a 
reconfigurable payload for a satellite; a flexible cover- 
age pattern, a variable downconverter technology, and 
sufficiently filtered channels across the downlink band- 
width. There are several variations to each of these 
three technologies, each combinable with the others. 
[001 3] A flexible coverage pattern can be provided by 
any one of the following methods: a dual reflector an- 
tenna configuration that is steerable, rotateable, and/or 
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defocusable used as a standalone antenna or as part of 
a farm of antennas, a single reflector antenna configu- 
ration that is steerable, rotateable and/or defocusable 
used as a stand alone or in a farm of antennas, or a 
reconf igurable phased array either direct radiating or re- 
flecting off either a dual or a single antenna system. 
[0014] The variable downconverter technology can 
be provided by any means. It is possible to use down- 
converters that have either local or external oscillators. 
The frequency is generated either by a frequency syn- 
thesizer or switching between multiple fixed oscillators 
of various frequencies. Another frequency selecting al- 
ternative is groups of switchable downconverters using 
fixed oscillators. 

[0015] Channels across the downlink bandwidth can 
be sufficiently filtered using a sufficient number of input 
multiplex (IMUX) filters to channelize every channel of 
the potential receive spectrum. Additionally, a sufficient 
number of output multiplex (OMUX) filters to channelize 
every channel of the potential transmit spectrum is also 
used. A sufficient number of switches are used to ac- 
cess IMUX and OMUX filters, along with a method of 
routing channels between IMUX filters, OMUX filters, 
switches and high power amplifiers. 
[0016] It is an object of the present invention to im- 
prove the backup capabilities of satellite systems. 
[0017] It is another object of the present invention to 
provide a satellite payload that can be reconfigured to 
mimic the payload of many different satellites, thereby 
improving backup capabilities without the cost prohibi- 
tive option of individual backup satellites. 
[001 8] It is still another object of the present invention 
to provide a flexible antenna configuration, a selectable 
uplink and downlink frequency plan, and a channelized 
filter system to have reconf igurable payload capabilities 
for a satellite. 

[0019] Other objects and features of the present in- 
vention will become apparent when viewed in light of the 
detailed description of the preferred embodiment when 
taken in conjunction with the attached drawings and ap- 
pended claims. 

FIGU RE 1 A is an example of a coverage pattern for 
four Ku-band antennas on a reconf igurable satellite 
of the present invention; 

FIGURE 1B is an example of a different coverage 
pattern for four Ku-band antennas on the reconfig- 
urable satellite of the present invention; 

FIGURE 1C is an example of another coverage pat- 
tern for four Ku-band antennas on the reconfigura- 
ble satellite of the present invention; 

FIGU RE 2 is a block diagram of a single conversion 
mixer with a fixed oscillator; 

FIGURE 3 is a block diagram of multiple downcon- 



verters for selectable downconversion frequencies; 

FIGURE 4 is a block diagram for selectable down- 
conversion frequency using multiple switched oscil- 
5 lators; 

FIGURE 5 is a block diagram of multiple fixed os- 
cillators in a dual conversion configuration; 

10 FIGURE 6 is a block diagram of multiple oscillators 
to handlevariable up and down conversion frequen- 
cies with a common IF; 

FIGURE 7 is a block diagram of a dual conversion 
15 synthesizer topology with a common IF; and 

FIGURE 8 is a block diagram of a reconfigurable 
payload. 

20 [0020] Three separate technologies are utilized in one 
spacecraft to allow a communications payload of a sat- 
ellite to be reconfigured in space such that it may mimic 
many payloads with various frequency plans and anten- 
na coverages for providing backup services for failed 
25 satellites. Flexible antenna coverage, variable down- 
converter technology and channels sufficiently filtered 
across the downlink bandwidth are all necessary, in 
combination, to achieve reconfiguration of the satellite 
in space. 

30 [0021] A typical, non-reconfigurable spacecraft has 
"shaped" antenna coverage. To generate the strongest 
received signal on the ground, a shaped coverage pat- 
tern transmits the maximum amount of the available 
power to the intended coverage area and the minimum 
35 amount of power to undesired areas. For example, an 
English language direct-to-home satellite system might 
broadcast to the United States and Canada while it 
would not transmit to adjacent ocean regions and Mex- 
ico. 

40 [0022] The shape of the desired coverage pattern var- 
ies from satellite to satellite. Abeam covering the United 
States varies significantly from a beam covering Japan 
or Europe. Even two satellites covering the same areas 
may require different shaped beams if they are located 
45 at two different orbital locations. 

[0023] For a reconfigurable satellite to be flexible and 
to mimic a variety of satellites, the satellite must be able 
to change its coverage pattern in orbit. A broadband 
flexible antenna coverage is necessary in a reconfigura- 
50 ble spacecraft design. The broadband nature of the an- 
tenna is required so that the same antennas may re- 
ceive or transmit any of the desired uplink and downlink 
frequencies. To the extent that the antennas are not suf- 
ficiently broadband, additional antennas will be re- 
55 quired, (i.e. separate transmit and receive antennas). 
However, there is a significant increase in weight and 
therefore, cost associated with additional antennas. 
[0024] There are several technologies available to ac- 
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complish this goal. For example, pointable, rotateable, 
defocusable antennas mounted to the nadir, or earth- 
facing, side of the spacecraft can be rotated, pointed 
and defocused to provide coverage for any desired ar- 
ea. 

[0025] Figures 1 A through 1C are examples of three 
such coverage patterns for four Ku-band antennas. It 
should be noted that while Ku-band antenna coverage 
is shown, it is for example purposes and the present in- 
vention can be applied to C-band and Ka-band opera- 
tion as well. Figure 1A is the Atlantic Ocean Region 
(AOR) including the United States, Mexico. Northern 
South America, Southern South America and Europe. 
Figure 1B is the Indian Ocean Region (IOR) including 
Europe and the Middle East, India, Asia, and South Af- 
rica. Figure 1C is the Pacific Ocean Region (POR) in- 
cluding Northeast Asia, Southeast Asia, Australia and 
the United States. These are examples of the different 
shaped antenna patterns in a satellite fleet. 
[0026] Other technologies may be used to accomplish 
the same effect. For example, reconfigurable phased ar- 
ray antennas or steerable spot beam antennas, or a 
combination are well known antenna technologies that 
can change their coverage patterns in orbit. In the pre- 
ferred embodiment, there are six (6) antennas in the 
system. Two operate at C-band and four operate at Ku- 
band. All of the antennas are Gregorian dual-reflector 
antennas with a rotateable main reflector. The four Ku- 
band antennas also use feed defocusing which facili- 
tates beam shape variation in orbit. The function of the 
antenna system is to generate beams covering the 
many different areas covered by existing satellites in a 
fleet of satellites, for example, the three ocean regions 
shown in Figures 1 A through 1C. 
[0027] A reconfigurable payload can be realized by 
combining a type of flexible antenna coverage technol- 
ogy with variable uplink and downlink frequency tech- 
nologies and sufficient filtering technologies. 
[0028] Variable downconverter technology is the next 
piece of the present invention. The frequency at which 
a signal is transmitted to a satellite is known as the uplink 
frequency. The frequency at which the signal is broad- 
cast back down to the ground is referred to as the down- 
link frequency. The uplink and downlink frequencies 
must be different from each other to avoid interference 
with each other. The process of changing a signal from 
the uplink frequency to the corresponding downlink fre- 
quency is known as downconversion. This is because 
the uplink frequency is generally higher than the down- 
linkfrequency. And, for obvious reasons, in cases where 
the uplink frequency is lower than the downlinkfrequen- 
cy, the process is called upconversion. 
[0029] Upconverters and down converters use an an- 
alog technology known as a mixer. A mixer takes the 
input of two voltage signals and outputs their product. 
To downconvert (or upconvert) a signal, the mixer is fed 
by the uplink signal and an oscillator operating at a fre- 
quency equal to the difference between the uplink and 



downlink frequencies. The mixer outputs the product of 
the frequencies equal to the desired downlink frequen- 
cy. 

[0030] An example of a single conversion mixer with 
5 a fixed oscillator is shown in Figure 2. The uplink signal 
has a frequency, f 1 . The downlink signal has a frequen- 
cy, f2. An oscillator operates at a frequency that, when 
mixed with the uplink signal, produces a downlink signal 
f2. A wide range of oscillator frequencies are used by 
10 satellites to perform up and down conversions. There- 
fore, a satellite attempting to mimic the operating of ex- 
isting or future satellites must be able to mimic the fre- 
quencies of the oscillators on board any one of many 
satellites. 

15 [0031] Typically, on a satellite, the device containing 
the mixer is inside a box known as either a downcon- 
verter, or if a low noise amplifier is also inside the box, 
it is known as a receiver. In both cases, the oscillator 
may be either internal or external to the box. When the 

20 oscillator is internal to the box, it is called a local oscil- 
lator. Local oscillators are typically generated by the use 
of crystals operating at precise predetermined frequen- 
cies 

[0032] There are a several technologies available that 
25 generate a variety of frequencies. One way is to switch 
between a variety of up and down converters, each with 
its own local oscillator, or to use an up (or down) con- 
verter fed by a variety of switchable oscillators each op- 
erating at a different frequency. An example of this ar- 
30 rangement is shown in Figure 3. 

[0033] There is shown in Figure 3 an uplink signal 
having a frequency f1 , a switch S1 selects between a 
first mixer, M1 and a second mixer, M2. A second switch 
S2 selects between the mixers M1 and M2 and outputs 
35 the desired downlink frequency. Each of the mixers M1 
and M2 is connected to an independent oscillator 10 and 
12 having fixed frequencies. The first oscillator 10 is 
connected to the mixer M1 and operates at a frequency 
of f2-f1 . The second oscillator 12 is connected to the 
40 second mixer, M2 and operates at a frequency f3-f1 . 
[0034] Depending on which switch path is selected, 
the downlink frequency can be selected as either f2 or 
f3. When switch S1 is selected, the output of the mixer 
is the downlink frequency f2 and when switch S2 is se- 
45 lected the output of the mixer is the downlink frequency 
f3. Obviously, the complexity of the switching system de- 
pends on the number of switches, mixers and oscillators 
and can be modified as necessary. 
[0035] An alternative method is to use a down (or up) 
50 converter fed by a variety of switchable oscillators each 
operating at a different frequency. An example of this 
arrangement is shown in Figure 4. The uplink signal is 
operating at frequency f 1 and is fed into a mixer M1 that 
produces the downlink signal. A switch, S1 , allows de- 
55 sired frequencies to be selected from multiple oscilla- 
tors. In the Figure 4 example, two independent oscilla- 
tors are shown 12 and 14, each operating at a different 
frequency. Oscillator 12 operates at a frequency f2-f1 
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and oscillator 14 operates atafrequency of f3-f1 . There- 
fore, depending on which oscillator is selected by switch 
S1 and mixed with uplink frequency f1 in mixer M1 , the 
downlinkfrequency will bef2 orf3. It is to be understood 
that any number of oscillators may be employed. 
[0036] In the configuration shown in Figure 4, there is 
the potential for in-band spurious signals to degrade the 
quality of the communication signal. A spurious signal, 
also called a spur, is an undesired tone generated by 
the non-linear properties inherent to mixers. The sever- 
ity of a spur is afunction of the signal and local oscillator 
frequencies. There is an alternative method to down- 
convert, without the drawback of spurs. A dual conver- 
sion design eliminates spurs by first downconverting the 
signal to an intermediate frequency (IF) and then per- 
forming a second conversion to the desired downlink 
frequency. 

[0037] The output of the mixer is a product of frequen- 
cies, which also includes a product of harmonics of 
those frequencies. These harmonics, or spurs, may be 
close in frequency to the desired signal making it difficult 
to filter out the undesired frequencies. Carefully select- 
ing an intermediate frequency will avoid interference 
from potential harmonics the sums and differences of 
the receive and local oscillator signals that are near the 
desired downlink signal. 

[0038] Figure 5 is a block diagram of a downconverter 
having multiple fixed oscillators in a dual conversion 
configuration to select different downlink frequencies 
from the same downconverter without the potential for 
spurs by using an intermediate frequency (IF). The ar- 
rangement is similar to the one shown in Figure 4. How- 
ever, there is an additional mixer M2 and an oscillator 
16 operating at a frequency that, when mixed with the 
uplinkfrequencyfl will output a predetermined interme- 
diate frequency (IF). The intermediate frequency (IF) is 
mixed with the signal from either oscillator 12 having a 
frequency of f2-IF or oscillator 14 having a frequency of 
f3- If to output the downlink frequency either f2 or f3. 
[0039] In some applications it is necessary to handle 
different uplink and downlink frequencies on the same 
downconverter. The dual conversion arrangement can 
be modified such that the oscillator that mixes with the 
uplink signal can also vary. Figure 6 is an example of 
multiple oscillators to handle variable up and down con- 
version frequencies with a common intermediate fre- 
quency. The uplink signal has a variable frequency, f1 
or f2. The uplink signal is mixed, by mixer M1 , with an 
intermediate frequency (IF), fed by one of two oscillators 
18 or 20 and a switch S1 to select between the oscilla- 
tors 18 and 20. The uplink signal is then converted to 
the intermediate frequency (IF). Another mixer M2 mix- 
es the intermediate frequency (I F) with a signal from one 
of a plurality of oscillators 22 and 24, selectable by 
switch S2. In the example shown in Figure 6, the oscil- 
lators 22 and 24 operate at frequencies f3-IF and f4-IF 
respectively. The result is a variable down link signal, in 
the example shown either f3 or f4. While only four oscil- 



lators are shown in the present example, it is to be un- 
derstood that any number of oscillators is possible, re- 
sulting in any number of possible output frequencies. 
[0040] Multiple oscillators are one way to generate 

5 multiple downconversion frequencies. An alternative to 
multiple oscillators is the use of synthesizers. Synthe- 
sizers generate an arbitrary frequency within a specified 
range of frequencies and fixed step size. Therefore, a 
single synthesizer can replace a single, or many oscil- 

10 lators. Figure 7 is a block diagram of this arrangement. 
[0041] The system has an uplink signal having a fre- 
quency u1, u2, u3, etc. A synthesizer 26 produces a sig- 
nal u1-IF, u2-IF, u3-IF, etc and is mixed with the uplink 
signal by mixer M1 . The uplink signal is now converted 

15 to the intermediate frequency IF. The intermediate fre- 
quency IF is mixed in mixer M2 with a signal from an- 
other synthesizer 28 that is capable of generating a sig- 
nal d1-IF, d2-IF, d3-IF, etc. The output of mixer M2 is the 
downlink signal d1 . d2, d3, etc. In Figures 4 through 7 

20 the intermediate frequency was assumed to be lower 
than thereceivefrequencyforthe purpose of illustration. 
In practice, the intermediate frequency (IF) may be high- 
er or lower than the receive frequency as long as the 
resulting intermediate frequency (IF) yields a spur free 

25 region to translate to the final desired output frequency. 
Either approach may be used. 

[0042] The last piece of the present invention lies in 
proper filter technologies. In order to accommodate op- 
eration in a wide portion of the allocated spacecraft 

30 transmit spectrum, input and output channel filters are 
required for each possible broadcast channel. It is pos- 
sibleto selectfilters that coverthe entire bandwidth con- 
tiguously. This provides the most efficient scenario. Fig- 
ure 8 is a block diagram of a repeater for a reconfigura- 

35 ble satellite of the present invention, and can be used 
to explain the filtering technology. 
[0043] The input channel filters 40, or I MUX, separate 
the wideband uplink signal into multiple channels. The 
signals are low power, and losses are not a major con- 

40 cern at low power levels. Therefore, these filters are 
easily selectable. In operation the signal is passed 
through each channel where a passband of the filter se- 
lects and routes the proper signal. All other signals are 
reflected back into a circulator and passed onto the next 

45 channel filter. 

[0044] The output channel filters 48, or OMUX, com- 
bine amplified signals and route the signal to the anten- 
na. The output channel filters are high power. The 
number of channels should be limited to approximately 

50 twenty (20) adjacent channels for practical purposes. 
Theoretically, there is no limit to the number of contigu- 
ous OMUX filters, but for practical design considera- 
tions, the number should be limited until current the cur- 
rent state of the art is enhanced enough to make more 

55 channels cost effective. OMUX filters deal with signals 
that are at very high power levels. High power results in 
the generation of heat and the must be dissipated. Ad- 
ditionally, operating at high power means that losses be- 
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come more critical. 

[0045] In the preferred embodiment, to accommodate 
more channels using existing technology and still avoid 
excessive heat and losses while maintaining realistic 
costs, it is necessary to combine multichannel continu- 
ous OMUX filters with diplexed groups of contiguous 
OMUX filters. Gaps must be present in the diplexed fre- 
quency region in order for minimum insertion losses. It 
is also possible to include tunable filters or high/low pass 
filters as alternatives to diplexers. In thefuture there may 
be technology that allows contiguous filters with more 
channels that will simplify the present invention. 
[0046] It may not always be desirable for the satellite 
to operate near the full number of possible channels in 
a given configuration. In such cases, there will be more 
filters than active channels. A reduced number of active 
channels permits fewer high power amplifiers to be im- 
plemented in the payload. A switching system 42 and 
46 that allows different amplifiers to be switched to and 
from different filters depending the desired satellite con- 
figuration is incorporated. High power microwave 
switches make it possible to use the same high power 
amplifier with multiple filters. The routing from switches 
to amplifiers and filters is accomplished with either co- 
axial cables or waveguide. 

[0047] Referring to figure 8 in detail, there is shown a 
block diagram of one embodiment of a repeater for the 
reconf igurable satellite of the present invention . The ex- 
ample diagram in figure 8 is capable of mimicking any 
one of six satellites in a fleet of satellites. It should be 
noted that while this example of backing up any one of 
six satellites is shown, the present invention can be ap- 
plied to mimic any number of satellites, or can be used 
as a stand alone satellite for in-orbit flexibility. 
[0048] Section I of Figure 8 establishes the repeater 
noise figure, converts signals from the receive band to 
the transmit band and provides a substantial portion of 
the repeater gain. In the present example, Section I ac- 
cepts input signals at eight antenna ports 30. The sig- 
nals are routed through low noise amplifiers 32 to a net- 
work 34 which combines the received beams in any de- 
sired combination for the flexible antenna coverage dis- 
cussed above. Downconverters 36 handle various fre- 
quencies and can perform any one of six conversions 
required by a satellite fleet of six satellites and provide 
the variable downconversion discussed above. 
[0049] Section 1 1 accepts the signal sets from Section 
I and divides them into channelized portions using input 
multiplexer filters. This is done by a set of switches 38 
that route the various Section I outputs to the appropri- 
ate input filters 40. After filtering, the channelized sig- 
nals, which can be up to thirty-six (36) channels, are 
routed through atraveling wave tube (TWT) input redun- 
dancy ring. Each box in the block diagram represents 
six (6) input filters 40. A total of ninety-six (96) input fil- 
ters are used to provide the required frequency plan flex- 
ibility. The channelized output signals are routed 
through another set of switches 42 to Section III. 



[0050] Section III provides the channelized gain con- 
trol, TWT linearization, and amplification to the TWT out- 
put levels of 140 Watts. An equalization network (not 
shown) may also be included with each TWT to equalize 

5 its frequency response over the transmit bandwidth. 
This permits broadband linearization of theTWT's. Each 
box in Section III represents a set of six active TWT's 
with linearizers, or high power amplifiers, 44, also known 
as OMUX filters. 

10 [0051] Section IV accepts the amplified output signals 
from the TWT's and routes them through the output por- 
tion of the redundancy ring to the output multiplexer se- 
lection switches 46. These switches 46 are used to con- 
figure the repeater to emulate any of the six satellites in 

15 the fleet. The switches access up to four multiplexers 
for each polarization. Each output multiplexer box rep- 
resents six (6) output filters 48. A total of one hundred 
fifty-six (156) output filters 48 are used in the output mul- 
tiplexers to achieve the versatility in the frequency spec- 

20 trum. The section IV outputs are connected to transmit 
antennas 50. 

[0052] The combination of the flexible antenna sys- 
tem, the variable downlink conversion system and the 
selectable filter technology allow a single satellite to be 
25 reconfigured to mimic any other satellite in a fleet of sat- 
ellites. This allows a single satellite to provide backup 
for any one satellite that may fail in fleet. The reconfig- 
urable satellite of the present invention provides backup 
coverage without having to interrupt service and force 
30 users to use alternative satellite operators to continue 
their service. The backup coverage provided by the 
reconfigurable satellite of the present invention is ac- 
complished with minimal interruption of service and 
without the impractical expense of having a unique 
35 spare for each satellite of a fleet. 

[0053] While particular embodiments of the invention 
have been shown and described, numerous variations 
and alternate embodiments will occur to those skilled in 
the art. Accordingly, it is intended that the invention be 
40 limited only in terms of the appended claims. 



Claims 

1. A reconfigurable satellite for modifying predeter- 
mined characteristics of a payload, the reconfigura- 
ble satellite comprising: 

an antenna system (50) having a flexible cov- 
erage pattern; 

a variable signal converter system (36) for con- 
verting a first predetermined frequency (f.,; f 2 ; 
u 1 ; u 2 ; u 3 ) to a second predetermined frequen- 
cy h> U> ^1 5 ^2! ^3); and 
filter means (38-48) for isolating selected input 
and output channels; 

whereby the predetermined characteristics of 
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the payload can be modified by changing the flexi- 
ble coverage pattern, varying the first and second 
predetermined frequencies and filtering the input 
and output channels while the satellite is in orbit, 
wherein the modified predetermined characteristics 5 
of the payload mimic predetermined characteristics 
of a failed satellite such that the reconfigurable sat- 
ellite provides a backup means for the failed satel- 
lite with minimal interruption in satellite service. 

10 

2. The satellite of claim 1 , wherein the antenna system 
(50) further comprises a dual reflector antenna that 
is steerable, rotatable and/or defocusable. 

3. The satellite of any of claims 1 or 2, wherein the 15 
variable signal converter system (36) further com- 
prises: 

a plurality of oscillators (12, 14; 22, 24) each 
operating at a different predetermined frequen- 20 
cy equal to the difference between a first pre- 
determined frequency and a second predeter- 
mined frequency; 

a first mixer (M1 ; M2) connected to each of the 
plurality of oscillators (12, 14; 22, 24) for mixing 25 
the first predetermined frequency with one of 
the different predetermined frequencies of the 
plurality of oscillators (12, 14; 22, 24); 
a switch (S1 ; S2) connected between the first 
mixer (M1; M2) and each of the pluralities of 30 
oscillators (12, 14; 22, 24), the switch (S1; S2) 
for selecting one of the plurality of oscillators 
(12, 14; 22, 24); 

whereby the mixer (M1 ; M2) produces an out- 35 
put equal to the second predetermined frequency. 



ond predetermined frequencies (d 1 . d 2; d 2 ). 

5. The satellite of any of claims 1 to 4, wherein thefilter 
means (38-48) further comprises: 

a network (38) of switches for rooting a signal 
through the input channels; 
a plurality of input multiplexer filters (40) select- 
ed by the network (38) of switches for chan- 
nelizing the input channels; 
a network (42) of switches for rooting the signal 
from the input multiplexer filters (40) to a plu- 
rality of output multiplexer filters (44); 
a network (46) of switches that accepts an out- 
put signal from the plurality of output multiplex- 
er filters (44) and reconfigures the payload. 

6. The satellite of any of claims 2 to 5, wherein the dual 
reflector antenna is a standalone antenna. 

7. The satellite of any of claims 2 to 5, wherein the dual 
reflector antenna is used in a farm of antennas. 

8. The satellite of any of claims 3 to 7, wherein the var- 
iable signal converter system (36) further compris- 
es: 

an oscillator (1 6; 1 8, 20) operating at a different 
predetermined frequency (IF-f 1 ; I F-f 1 , IF-f 2 ) to 
be mixed with the first predetermined f req uency 

(fi;fi.f 2 ); 

a second mixer (M2; M1) connected to the os- 
cillator (1 6; 1 8, 20) for mixing the first predeter- 
mined frequency (f 1 ; f 1 , f 2 ) and the different pre- 
determined frequency (IF-f.,; IF-f-, , IF-f 2 ) and 
output an intermediate frequency (IF); 



4. The satellite of any of claims 1 or 2, wherein the 
variable signal converter system (36) further com- 
prises: 40 

the first predetermined frequency being one of 
a plurality of frequencies (u 1s u 2 , u 3 ); 
a first synthesizer (26) for generating an output 
to be mixed with the plurality of first predeter- 45 
mined frequencies (u 1; u 2 , u 3 ); 
a first mixer (M1 ) connected between the plu- 
rality of first predetermined frequencies (u 1 , u 2 , 
u 3 ) and the first synthesizer (26) for mixing the 
plurality of first predetermined frequencies (u 1 , 50 
u 2; u 3 ) with the output of the first synthesizer 
(26) to produce an intermediate frequency (IF); 
a second synthesizer (28) for generating an 
output to be mixed with the intermediate fre- 
quency (IF); 55 
a second mixer (M2) for mixing the intermediate 
frequency (IF) and the output of the second 
synthesizer (28) to produce a plurality of sec- 



whereby the intermediate frequency (IF) is 
mixed with one of the frequencies of the plurality of 
oscillators (12, 14; 22, 24) to produce the second 
predetermined frequency (f 2 , f 3 ; f 3 . f 4 ). 

9. The satellite of claim 8, wherein the variable signal 
converter system (36) further comprises: 

a plurality of oscillators (1 8, 20) each operating 
at a different predetermined frequency (I F-f-, . 
I F-f 2 ) to be mixed at the second mixer (M1) with 
the first predetermined frequency (t,, f 2 ); 
a switch (S1) connected to each of the plurality 
of oscillators (18, 20) and the second mixer 
(M1 ) for selecting one of the plurality of oscilla- 
tors (18, 20); 

whereby the second mixer (M1) produces an 
output equal to the intermediate frequency (IF). 
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Patentanspruche 

1 . Rekonfigurierbarer Satellit zum Modifizieren vorge- 
gebener Eigenschaften einer Nutzlast, wobei der 
rekonfigurierbare Satellit aufweist: 5 



2. Satellit nach Anspruch 1 , wobei das Antennensy- 30 
stem (50) des weiteren eine Doppelspiegelantenne 
aufweist, die lenkbar, drehbar und/oder die defo- 
kussierbar ist. 

3. Satellit nach einem der Anspruche 1 oder 2, wobei 35 
das variable Signalumwandlungssystem (36) des 
weiteren aufweist: 



eine Ausgabe erzeugt, die gleich der zweiten vor- 
gegebenen Frequenz ist. 

4. Satellit nach einem der Anspruche 1 oder 2, wobei 
das variable Signalumwandlungssystem (36) des 
weiteren aufweist: 

wobei die erste vorgegebene Frequenz eine 
Frequenz aus einer Vielzahl von Frequenzen 
(u 1? u 2 , u 3 ) ist; 

einen ersten Synthesizer (26) zum Erzeugen 
einer Ausgabe, die mit der Vielzahl des ersten 
vorgegebenen Frequenzen (u 1s u 2 , u 3 ) ge- 
mischt werden soli; 

eine erste Mischeinrichtung (M1), diezwischen 
der Vielzahl der ersten vorgegebenen Fre- 
quenzen (u 1( u 2 , u 3 ) und dem ersten Synthesi- 
zer (26) zum Mischen der Vielzahl der ersten 
vorgegebenen Frequenzen (u-, , u 2 , u 3 ) mit der 
Ausgabe des ersten Synthesizers (26) verbun- 
den ist, urn eine Zwischenfrequenz (IF) zu er- 
zeugen; 

einen zweiten Synthesizer (28) zum Erzeugen 
einer Ausgabe, die mit der Zwischenfrequenz 
(IF) gemischt werden soli; 
eine zweite Mischeinrichtung (M2) zum Mi- 
schen der Zwischenfrequenz (IF) und der Aus- 
gabe des zweiten Synthesizers (28), urn eine 
Vielzahl zweiter vorgegebener Frequenzen 
(d 1; d 2 , d 3 ) zu erzeugen. 

5. Satellit nach einem der Anspruche 1 bis 4, wobei 
die Filtermittel (38-48) des weiteren aufweisen: 

ein Netzwerk (38) von Schaltern zum Leiten ei- 
nes Signals durch die Eingangskanale hin- 
durch; 

eine Vielzahl von Eingangsmultiplexerfiltern 
(40). die durch das Netzwerk (38) von Schal- 
tern zum Kanalisieren der Eingangskanale 
ausgewahlt sind; 

ein Netzwerk (42) von Schaltern zum Leiten 
des Signals von den Eingangsmultiplexerfiltern 
(40) zu einer Vielzahl von Ausgangsmultiple- 
xerfiltern (44); 

ein Netzwerk (46) von Schaltern. das ein Aus- 
gangssignal der Vielzahl von Ausgangsmulti- 
plexerfiltern (44) akzeptiert und die Nutzlast re- 
konfiguriert. 

6. Satellit nach einem der Anspruche 2 bis 5, wobei 
die Doppelspiegelantenne eine selbstandige An- 
tenne ist. 

7. Satellit nach einem der Anspruche 2 bis 5, wobei 
die Doppelspiegelantenne in eine Antennenfarm 
verwendet wird. 



eine Vielzahl von Oszillatoren (12, 14; 22, 24), 
wobei jeder bei einer anderen vorgegebenen 40 
Frequenz betrieblich ist, die gleich der Diffe- 
renz zwischen einer ersten vorgegebenen Fre- 
quenz und einer zweiten vorgegebenen Fre- 
quenz ist; 

eine erste Mischeinrichtung (M1; M2), die mit 45 
jedem Oszillator der Vielzahl von Oszillatoren 
(1 2, 1 4; 22, 24) zum Mischen der ersten vorge- 
gebenen Frequenz mit einer der anderen vor- 
gegebenen Frequenzen der Vielzahl von Oszil- 
latoren (12,14; 22, 24) verbunden ist; 50 
einen Schalter (S1 ; S2), der zwischen der er- 
sten Mischeinrichtung (M1 ; M2) und jedem Os- 
zillatorderVielzahl von Oszillatoren (12, 14; 22, 
24) verbunden ist, wobei der Schalter (S1 ; S2) 
zum Auswahlen eines Oszillators der Vielzahl 55 
von Oszillatoren (12, 14; 22, 24) dient; 

durch welche die Mischeinrichtung (M1; M2) 



ein Antennensystem (50) mit einem flexiblen 
Uberdeckungsmuster; 

ein variables Signalumwandlungssystem (36) 
zum Umwandeln einer ersten vorgegebenen 10 
Frequenz (fi;f 2 ; u 2 ; u 3 )zu einer zweiten vor- 
gegebenen Frequenz (f 2 ; f 3 ; f 4 ; d^ d 2 ; d 3 ); und 
Filtermittel (38-48) zum Isolieren ausgewahlter 
Eingangs- und Ausgangskanale; 

15 

wobei die vorgegebenen Eigenschaften der 
Nutzlast modifiziert werden konnen, indem das fle- 
xible Uberdeckungsmuster geandert wird, die erste 
und die zweite vorgegebene Frequenz geandert 
werden und die Eingangs- und Ausgangskanale ge- 20 
filtert werden, wahrendsich der Satellit in einer Um- 
laufbahn befindet, wobei die modifizierten vorgege- 
benen Eigenschaften der Nutzlast vorgegebene Ei- 
genschaften eines ausgefallenen Satelliten simu- 
lieren, so dass der rekonfigurierbare Satellit ein Si- 25 
cherungsmittel fur den ausgefallenen Satelliten mit 
einer minimalen Unterbrechung eines Satelliten- 
dienstes bereitstellt. 
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8. Satellit nach einem der Anspruche 3 bis 7, wobei 
das variable Signalumwandlungssystem (36) des 
weiteren aufweist: 

einen Oszillator (16; 18, 20), der bei einer an- 
deren vorgegebenen Frequenz (IF-f^ IF-f.,, IF- 
f 2 ) betrieblich ist, die mit der ersten vorgegebe- 
nen Frequenz (f^ f 1; f 2 ) gemischt werden soil; 
eine zweite Mischeinrichtung (M2; M1 ). die mit 
dem Oszillator (16; 18, 20) zum Mischen der 
ersten vorgegebenen Frequenz (f^ f.,, f 2 ) und 
deranderen vorgegebenen Frequenz (I Ff -| ; IF- 
f 1? IF-f 2 ) verbunden ist und eine Zwischenfre- 
quenz (IF) ausgibt; 

wodurch die Zwischenfrequenz (IF) mit einer 
der Frequenzen der Vielzahl von Oszillatoren 
(12, 14; 22, 24) gemischt wird, urn die zweite 
vorgegebene Frequenz (f 2 , f 3 ; f 3 , f 4 ) zu erzeu- 
gen. 

9. Satellit nach Anspruch 8, wobei das variable Signal- 
umwandlungssystem (36) des weiteren aufweist: 

eine Vielzahl von Oszillatoren (18, 20), wobei 
jeder bei einer anderen vorgegebenen Fre- 
quenz (IF-f.,, IF-f 2 ) betrieblich ist, die bei der 
zweiten Mischeinrichtung (M1) mit der ersten 
vorgegebenen Frequenz (f 1; f 2 ) gemischt wer- 
den soil; 

einen Schalter (S1), der mit jedem der Vielzahl 
von Oszillatoren (18, 20) und der zweiten 
Mischeinrichtung (M1) zum Auswahlen eines 
Oszillators der Vielzahl von Oszillatoren (18, 
20) verbunden ist; 

wodurch die zweite Mischeinrichtung (M1) ei- 
ne Ausgabe erzeugt, die gleich der Zwischenfre- 
quenz (IF) ist. 

Revendications 

1. Satellite reconfigurable servant a modifier des ca- 
racteristiques predeterminees d'une charge utile, le 
satellite reconfigurable comprenant : 



flexible, en faisant varier les premiere et 
deuxieme frequences predeterminees et en fil- 
trant les canaux d'entree et de sortie pendant 
que le satellite est en orbite, dans lequel les ca- 

5 racteristiques predeterminees modifiees de la 

charge utile imitent des ca racteristiques prede- 
terminees d'un satellite tombe en panne de sor- 
te que le satellite reconfigurable fournit un 
moyen de sauvegarde pour le satellite tombe 

10 en panne avec une interruption minimale dans 

le service du satellite. 

2. Satellite selon la revendication 1 , dans lequel le 
systeme d'antenne (50) comprend en outre une an- 

15 tenne a double reflecteur qui peut etre orientee, 
tournee et/ou defocalisee. 

3. Satellite selon I'une quelconque des revendications 
1 ou 2, dans lequel le systeme convertisseur de si- 

20 gnaux variable (36) comprend en outre : 

une pluralite d'oscillateurs (12, 14; 22, 24), 
chacun fonctionnant a une frequence predeter- 
minee differente egale a la difference entre une 
25 premiere frequence predeterminee et une 

deuxieme frequence predeterminee ; 
un premier melangeur (M1 ; M2) connecte a 
chacun des oscillateurs parmi la pluralite d'os- 
cillateurs (12, 14 ; 22, 24) servant a melanger 
30 la premiere frequence predeterminee avec 

I'une des frequences predeterminees differen- 
tes de la pluralite d'oscillateurs (12, 14; 22, 
24) ; 

un commutateur (S1 ; S2) connecte entre le 
35 premier melangeur (M1 ; M2) et chacun des os- 

cillateurs parmi la pluralite d'oscillateurs (12, 
14 ; 22, 24), le commutateur (S1 ; S2) servant 
a selectionner un oscillateur parmi la pluralite 
d'oscillateurs (12, 14 ; 22, 24) ; 
40 ce par quoi le melangeur (M1 ; M2) produit une 

sortie egale a la deuxieme frequence predeter- 
minee. 

4. Satellite selon I'une quelconque des revendications 
45 1 ou 2, dans lequel le systeme convertisseur de si- 

gnaux variable (36) comprend en outre : 

la premiere frequence predeterminee qui est 
I'une des frequences parmi la pluralite de fre- 
quences (u 1? u 2 , u 3 ) ; 

un premier synthetiseur (26) servant a generer 
une sortie a melanger avec la pluralite de pre- 
mieres frequences predeterminees (u 1( u 2 . 
u 3 ) ; 

un premier melangeur (M1) connecte entre la 
pluralite de premieres frequences predetermi- 
nees (u 1 , u 2 , u 3 ) et le premier synthetiseur (26) 
servant a melanger la pluralite de premieres 



un systeme d'antenne (50) ayant un diagram- 
me de couverture flexible ; 
un systeme convertisseur de signaux variable 
(36) servant a convertir une premiere frequen- 50 
ce predeterminee (f 1s f 2 , u 1; u 2 , u 3 ) en une 
deuxieme frequence predeterminee (f 2 , f 3 , f 4 , 
d 1; d 2; d 3 ) ; et 

un moyen de filtrage (38 a 48) servant a isoler 
des canaux d'entree et de sortie selectionnes ; 55 
ce par quoi les caracteristiques predetermi- 
nees de la charge utile peuvent etre modifiees 
en changeant le diagramme de couverture 
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frequences p red eterminees (u 1; u 2; u 3 ) a la sor- 
tie du premier synthetiseur (26) pour produire 
une frequence intermediaire (Fl) ; 
un deuxieme synthetiseur (28) servant a gene- 
rer une sortie a melanger avec la frequence in- 5 
termediaire (Fl); 

un deuxieme melangeur (M2) servant a melan- 
ger la frequence intermediaire (Fl) et la sortie 
du deuxieme synthetiseur (28) pour produire 
une pluralite de deuxiemes frequences prede- 10 
terminees (d.,, d 2 , d 3 ). 

5. Satellite selon Tune quelconque des revendications 
1 a 4, dans lequel le moyen de filtrage (38 a 48) 
comprend en outre : is 

un reseau (38) de commutateurs servant a 
acheminer un signal par les canaux d'entree ; 
une pluralite de filtres multiplexeurs d'entree 
(40) selectionnes par le reseau (38) de commu- 20 
tateurs servant a multiplexer les canaux 
d'entree ; 

un reseau (42) de commutateurs servant a 
acheminer le signal des filtres multiplexeurs 
d'entree (40) a une pluralite de filtres multi- 25 
plexeurs de sortie (44); 

un reseau (46) de commutateurs qui accepte 
un signal de sortie provenant de la pluralite de 
filtres multiplexeurs de sortie (44) et qui recon- 
figure la charge utile. 30 



fa, ur 

9. Satellite selon la revendication 8, dans lequel le 
systeme convertisseur de signaux variable (36) 
comprend en outre : 

une pluralite d'oscillateurs (18, 20), chacun 
fonctionnant a une frequence predeterminee 
differente (Fl-f-j , Fl-f 2 ) a melanger au deuxieme 
melangeur (M1) avec la premiere frequence 
predeterminee (t,, f 2 ) ; 

un commutateur (S1) connecte a chacun des 
oscillateurs parmi la pluralite d'oscillateurs (1 8, 
20) et au deuxieme melangeur (M1) pour se- 
lectionner I'un des oscillateurs parmi la pluralite 
d'oscillateurs (18, 20) ; 

ce par quoi le deuxieme melangeur (M1) pro- 
duit une sortie egale a lafrequence intermediai- 
re (Fl). 



6. Satellite selon Tune quelconque des revendications 
2 a 5, dans lequel I'antenne a double reflecteur est 
une antenne autonome. 

7. Satellite selon Tune quelconque des revendications 
2 a 5, dans lequel I'antenne a double reflecteur est 
utilisee dans un ensemble d'antennes. 



8. Satellite selon Tune quelconque des revendications 40 
3 a 7, dans lequel le systeme convertisseur de si- 
gnaux variable (36) comprend en outre : 

un oscillateur (16 ; 18 ; 20) fonctionnant a une 
frequence predeterminee differente (Fl-^ ; Fl- 45 
f 1s Fl-f 2 ) a melanger a la premiere frequence 
predeterminee (f 1 ; f.,, f 2 ) ; 
un deuxieme melangeur (M1 ; M2) connecte a 
I'oscillateur (1 6 ; 1 8 ; 20) servant a melanger la 
premiere frequence predeterminee (f 1 ; f,, f 2 ) 50 
et lafrequence predeterminee differente (Fl-f-| ; 
Fl-^ , Fl-f 2 ) et sortir une frequence intermediai- 
re (Fl) ; ' 



ce par quoi la frequence intermediaire (Fl) est 55 
melangee (M1 ; M2) avec I'une des frequences de 
la pluralite d'oscillateurs (12, 14 ; 22, 24) pour pro- 
duire la deuxieme frequence predeterminee (f 2 , f 3 ; 
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